1. Introduction {#sec0005}
===============

*Sporothrix schenckii* is composed of a complex mixture of antigens ([@bib0085]), including cell wall peptido-rhamnomannan (CWPR) that can be fractionated by affinity chromatography on Sepharose 4B-Concanavalin A (Con A). This gives rise to two fractions: a Con A-binding fraction (SsCBF) and a Con A-nonbinding fraction (SsNBF). The SsCBF fraction was tested using ELISA for the diagnosis of human sporotrichosis and reacted specifically with 100% of the sera from patients with cutaneous sporotrichosis ([@bib0085]). More recently, the same group tested the SsCBF fraction, by ELISA, against different clinical presentations of sporotrichosis (lymphocutaneous, fixed, disseminated, and extracutaneous forms) and found high levels of specificity and sensitivity ([@bib0015], [@bib0020]). This specificity was correlated with the presence in the SsCBF antigen of epitopes comprised of O-linked mannose-containing oligosaccharides with non-reducing ends of α-L-Rha 1 \> 4 α-D-GlcA and α-L-Rha 1 \> 4 \[α-L-Rha 1 \> 2\]α-D-GlcA ([@bib0075]).

As in humans, cats may acquire systemic mycotic diseases, including blastomycosis ([@bib0025]), histoplasmosis ([@bib0060]), cryptococcosis ([@bib0080]), candidiasis ([@bib0090]), aspergillosis ([@bib0055]), coccidioidomycosis ([@bib0050]), sporotrichosis ([@bib0010], [@bib0005]), and dermatophytosis, a superficial mycosis ([@bib0095]). In most cases, the diagnosis is based on traditional methods; serological diagnosis is rarely used in pets ([@bib0120]).

The incidence of sporotrichosis among animals, and particularly cats, is increasing in Brazil, especially in Rio de Janeiro where over the course of 6 years (1998--2004), 1503 cats, 64 dogs, and 759 humans were diagnosed with sporotrichosis, which is considered the largest epidemic of sporotrichosis due to zoonotic transmission ([@bib0005], [@bib0115]). The present study aimed to standardize an ELISA test for the serological diagnosis of cat sporotrichosis, using the specific *S. schenckii* antigen, SsCBF, proposed by [@bib0085], as well as our own preparation of crude *S. schenckii* exoantigens.

2. Materials and methods {#sec0010}
========================

2.1. Cat sera {#sec0015}
-------------

In 2008, 30 cats with sporotrichosis underwent clinical examinations at the Laboratory of Clinical Research of Dermatophytosis of Domestic Animals of the Institute Evandro Chagas -- Fiocruz, Rio de Janeiro, Brazil. To confirm the infection by *S. schenckii*, samples of lesions were collected, after local anesthesia, by a swab of cutaneous or mucosal lesions and/or biopsy ([@bib0115]). The biological samples were inoculated into Sabouraud-dextrose agar (DIFCO) plus chloranfenicol and Mycobiotic agar (DIFCO) and incubated at 25 °C to isolate the *S. schenckii* in culture. The dimorphism was observed by conversion at 37 °C in Brain Heart Infusion agar (DIFCO). During consultation, blood was collected by vein puncture, and then stored in an incubator for 1 h; serum was obtained by centrifugation and stored at −20 °C, until needed. These 30 sera from cats with proven sporotrichosis are now referred to as "positive sera" (sera from cats with active sporotrichosis). The control group (negative sera) was composed of 22 sera from healthy feral cats from the Zoonosis Municipal Center of São Paulo city. These animals were examined by a veterinarian and were considered apparently healthy with no evidence of sporotrichosis or other diseases. They were housed in accordance with the Guide for Care and Use of Laboratory Animals, National Research Council, 1996. Also, 20 sera from cats with other pathologies were studied to verify cross-reactions: Feline Infectious Peritonitis -- coronavirus (5 sera), Feline Leukemia Virus -- Felv (3 sera), Feline Immunodeficiency Virus -- Fiv (2 sera), Leptospirosis (3 sera), Ricketsiosis (2 sera), Elichiosis (3 sera), and Leishmaniasis (2 sera).

2.2. *S. schenckii* antigens {#sec0020}
----------------------------

The *S. schenckii* SsCBF-specific molecule was prepared according to a previously described method ([@bib0085]), using the 1099-18 isolate. The *S. schenckii* crude preparation was prepared similarly to that described by [@bib0030] for *Paracoccidioides brasiliensis*, but using *S. schenckii* strain \#118, which was isolated from a human case of lymphocutaneous sporotrichosis. [Table 1](#tbl0005){ref-type="table"} shows the main characteristics of the cats with sporotrichosis, including identification, age, sex, time of infection, clinical form, castrated or not, outdoor or indoor, and the results of ELISA: O.D. 492 nm sera versus two different *S. schenckii* antigens (SsCBF and crude antigen).Table 1Main characteristics of the cats with sporotrichosis.Identification N. Cat.SexTime of infection (weeks)Clinical formAge (months)CastratedOutdoorO.D. 492 nmSsCBFExoantigen1M4Lymphocutaneous (L3)30NoYes0.5781.8922F16Lymphocutaneous (L3)42YesYes0.6582.4993M5Lymphocutaneous (L3)36NoNo1.8162.2894M12Lymphocutaneous (L3)36NoNo1.6912.1815M5Lymphocutaneous (L3)42NoYes0.8882.1936M8Lymphocutaneous (L3)20NoYes1.4171.0037M8Lymphocutaneous (L3)24NoYes2.3162.3148M6Fixed (L1)24NoYes1.2041.7109M4Lymphocutaneous (L3)24NoYes2.2901.30510M12Lymphocutaneous (L3)18YesNo0.6991.73311M2Lymphocutaneous (L2)12NoYes2.2582.15612M8Lymphocutaneous (L2)60NoYes0.3140.56813M4Lymphocutaneous (L3)12NoNo1.9621.58414M4Lymphocutaneous (L3)12NoYes1.2322.19915M6Lymphocutaneous (L3)18NoYes1.5872.25416M16Lymphocutaneous (L3)24NoYes1.7382.30617M4Lymphocutaneous (L3)--YesYes2.3411.35018M4Lymphocutaneous (L3)17YesYes1.1241.97819M4Lymphocutaneous (L3)24NoYes2.2392.01620M12Lymphocutaneous (L3)14NoYes0.3831.89021M8Lymphocutaneous (L3)--NoYes1.4872.22822M5Lymphocutaneous (L3)14NoYes1.3701.77623F3Lymphocutaneous (L3)--NoNo0.3851.29824M5Lymphocutaneous (L2)36NoYes0.8311.67525M8Lymphocutaneous (L3)24YesYes2.6882.45026M9Lymphocutaneous (L3)48NoYes2.0481.80427M6Lymphocutaneous (L3)12NoYes1.4441.90928M4Lymphocutaneous (L3)12NoYes1.3772.24629M4Lymphocutaneous (L3)36NoYes2.3562.13230M24Lymphocutaneous (L2)30NoYes1.8131.749  Mean1.4841.890S.D.0.6780.445Median1.4661.944[^1]

2.3. ELISA method {#sec0025}
-----------------

High binding microtiter plates (Corning Costar, Corning, New York, USA) were sensitized with SsCBF antigen (3.6 μg/ml; 100 μl per well in 0.1 M carbonate-bicarbonate buffer (CBB), pH 9.6, concentration previously determined by the check board titration), for 2 h at 37 °C and overnight at 4 °C in a refrigerator. Then, the plates were blocked with 5% skim milk in phosphate-buffered saline (PBS) for 2 h at 37 °C in an incubator. Plates were washed three times with PBS + 0.05% Tween 20 (PBS-T). Then, 100 μl of cat sera, diluted 1:800 (dilution previously determined in pilot tests; data not shown) in PBS-T-0.5% gelatin (PBS-T-G), were added to each well (in triplicate), and stored at 37 °C for 2 h in an incubator. The plates were washed again three times with PBS-T, and 100 μl of goat anti-feline IgG conjugated to horseradish peroxidase (US Biological) (1:2000 dilution) was added to each well for 2 h at 37 °C in an incubator. After washing three times with PBS-T, substrate (H~2~O~2~/Ortho-Phenylenediamine -- OPD) was added under dark conditions for 8 min; then, the reaction was stopped by adding 50 μl of 4N H~2~SO~4~. Absorbance was read at 492 nm with an ELISA reader (TECAN model Sunrise; TECAN Austria GmbH). When crude exoantigen preparations were used for ELISA, the plates were coated with 40.0 μg/ml (100 μl/well) of exoantigens in CBB (concentration previously determined by check board titration), and steps were performed as described above.

2.4. Validation tests {#sec0030}
---------------------

In our laboratory the ELISA tests were performed on three different occasions by three different people. Also, the tests were performed in the same way in another laboratory.

2.5. Immunodiffusion test {#sec0035}
-------------------------

The test was performed as previously described by [@bib0030] for paracoccidioidomycosis, but using *S. schenckii* crude exoantigens as a reagent. Serum was collected from a rabbit previously immunized with *S. schenckii* antigen was used as a positive control.

2.6. Statistical analysis {#sec0040}
-------------------------

To determine the discriminatory power and accuracy of the ELISA test, ROC (Receiver Operating Characteristic) curves were prepared using the *Stata* program *version 8.2* with data from the ELISA. The *cutoff* was obtained as: mean + 2× standard deviations (S.D.) from sera from healthy cats. All sera (from healthy cats and cats with sporotrichosis) were classified as TP = true positive (sera from cats with sporotrichosis that presented O.D. values above the *cutoff* in the serological test); FP = false positive (sera from healthy control cats that presented O.D. values above the *cutoff* in the serological test); TN = true negative (sera from healthy control cats that presented O.D. values below the *cutoff* in the serological test); and FN = false negative (sera from cats with sporotrichosis that presented O.D. values below the *cutoff* in the serological test). The parameters: sensitivity, specificity, positive and negative predictive values, and global efficiency were obtained with the following formulas: sensitivity: TP/(TP + FN); specificity: TN/(TN + FP); positive predictive value: TP/(TP + FP); negative predictive value: TN/(TN + FN); global efficiency: TP + TN/TP + TN + FP + FN.

3. Results {#sec0045}
==========

3.1. Sensitivity and specificity of ELISA using the SsCBF purified antigen {#sec0050}
--------------------------------------------------------------------------

The sera from healthy cats (control sera) showed absorbances at 492 nm from 0.000 to 0.644. The mean absorbance plus two standard deviations for all control sera was *A* ~492~  = 0.485, which represented the cutoff. Of the confirmed infected cats, 27/30 (90%) ([Fig. 1](#fig0005){ref-type="fig"} ) were positive, with an absorbance greater than 0.485. The sera of cats with sporotrichosis had a mean O.D. of 1.484 ± 0.678, and a median of 1.466. The mean O.D. of the control cat sera was 0.157 ± 0.164 and the median was 0.117. Thus, for the ELISA assay: sensitivity = 90%, specificity = 96%, positive predictive value = 93%; negative predictive value = 94%, and global efficiency = 93%. The area under the curve (AUC) from the ROC curve ([Fig. 2](#fig0010){ref-type="fig"} ) was 0.9936 ± 0.0049 (confidence interval 95% (IC) 0.98400--1.00000). Sera from cats with other pathologies had O.D. values = 0.137 ± 0.091; median = 0.125.Fig. 1Results of the ELISA. O.D. obtained from the sera of cats with confirmed sporotrichosis (Ss+), healthy feral cats (N), and cats with other pathologies (OP) used as controls to detect IgG antibodies against the *Sporothrix schenckii* SsCBF purified antigen and crude exoantigens (sera dilution 1:800). Horizontal bars represent the median O.D. and dashed bars (- - -) represent the cutoff.Fig. 2Receiver operating characteristics (ROC) curve for the SsCBF purified antigen and crude exoantigens. The ROC is plotted between the true-positive rate (sensitivity) on the *y*-axis, and the false-positive rate (1-specificity) on the *x*-axis. The area under the curve (AUC) represents the accuracy of the ELISA test, which was 0.9936 for the SsCBF (dark gray line) and 0.9994 for the crude exoantigens (light gray line).

3.2. Sensitivity and specificity of ELISA using crude antigens {#sec0055}
--------------------------------------------------------------

The sera from healthy cats (control sera) had absorbances at 492 nm from 0.009 to 0.701. The mean absorbance plus two standard deviations for all of the control cats was *A* ~492~  = 0.609. Among cats with sporotrichosis, 29/30 (96.67%) ([Fig. 1](#fig0005){ref-type="fig"}) were positive, with an absorbance greater than 0.609. The mean O.D. of sera from cats with sporotrichosis was 1.890 ± 0.445 and the median was 1.944. The mean O.D of healthy cat sera was 0.241 ± 0.184 and the median was 0.213. Thus, for this ELISA assay: sensitivity = 96%, specificity = 98%, positive predictive value = 96%, negative predictive value = 98%, and global efficiency = 97%. The AUC was 0.9994 ± 0.0009 (confidence interval 95% (IC) 0.99758--1.00000) ([Fig. 2](#fig0010){ref-type="fig"}). The O.D. of sera from cats with other pathologies = 0.188 ± 0.109; median = 0.172.

3.3. Validation tests {#sec0060}
---------------------

The results of ELISA tests obtained in the same laboratory (intra laboratory) or in a different laboratory (inter laboratory) gave very similar results (data not shown).

3.4. Immunodiffusion test {#sec0065}
-------------------------

Sera from cats with sporotrichosis were positive in 14/30 (46.6%) samples by the immunodiffusion (ID) test, and all sera from healthy cats (control group) were negative.

4. Discussion {#sec0070}
=============

The highest prevalence of mycoses in animals is in the Americas, and known cases may represent only a fraction of the total, as reported by [@bib0120]. The natural habitat of many pathogenic fungi is soil animals exposed to fungi may produce only a mild or undetectable immune response and in many cases, clinical disease is not evident. In the last three decades, domestic cats have been recognized in the transmission of sporotrichosis to man ([@bib0100], [@bib0035], [@bib0040], [@bib0065], [@bib0105], [@bib0125], [@bib0110]). Since *S. schenckii* is a saprophyte found in soil and on plants, cats can be easily infected; the fungus is inoculated subcutaneously by implantation of spores in penetrating wounds caused by a thorn or splinter. Recently, [@bib0005] reported the largest epidemic of sporotrichosis due to zoonotic transmission was in Rio de Janeiro, Brazil; over 6 years, 1503 cats, 64 dogs, and 759 humans had a diagnosis that was confirmed by the isolation of *S. schenckii* in culture ([@bib0070], [@bib0010], [@bib0110], [@bib0115]). This sporotrichosis epidemic was described in areas with underprivileged socio-economic conditions and precarious health services ([@bib0005], [@bib0110], [@bib0115]). Among the cats with sporotrichosis in this study, five were housed indoors; although, they could have had some contact with the environment or with cats with the mycosis. In our study, only cats with lesions that resulted in positive cultures for *S. schenckii* were considered as having sporotrichosis.

Although the sera from two healthy feral cats reacted positively against the *S. schenckii* SsCBF and the sera from one healthy cat reacted against the crude exoantigens, we cannot exclude previous contact with the fungus in the nature and cats presenting with subclinical infections. We believe these reactions occurred because the cats had prior contact with the fungus in nature. These animals live free in the outskirts of the city and had likely previously encountered the fungus, and produced a humoral response against *S. schenckii* antigenic components. On the other hand, other mycoses were not diagnosed in these animals. If they were infected by another fungus, they could present cross-reactivity in serological tests. This raises the question if an acute case of sporotrichosis might be impaired. From our point of view, sporotrichosis is suspected in felines only when lesions are observed in the skin or mucosa. In this situation, antibodies are produced over the time necessary for the lesion to develop in a higher quantity than when subclinical infection occurs due to contact with the fungus in nature.

In our opinion, both antigens presented very good results and this ELISA is a relatively simple and rapid assay for assessing infection by *S. schenckii* in cats. The use of a purified antigen such as the SsCBF molecule allows for better standardization than the use of crude preparations, but the choice of the antigen depends on the facilities found in each laboratory. In the case of the purified SsCBF antigen, only one epitope is the target for antibody recognition, while in the case of the crude exoantigens, many molecules and epitopes are involved in the antibody detection. Recently, [@bib0020] showed that SsCBF obtained from different isolates present different reactivity in ELISA assay and the isolate 1099-18 proved to be a more accurate diagnostic tool for the serodiagnosis of sporotrichosis. At this moment, there are no comparative studies for CWPR molecules in ELISA. On the other hand, a serological reaction involving crude antigens depends on the antigenic composition of the batch of the respective isolate. In the present study, the *S. schenckii* crude antigens (strain \#118) performed well, but in a recent publication we described the great antigen variability among 23 *S. schenckii* isolates from different Brazilian regions ([@bib0045]). This variability in antigen composition may certainly affect an ELISA result. Therefore, a consensus among the scientific community working on the serology of sporotrichosis is necessary so that the same strain is used for serological studies, allowing results to be compared. Alternatively, a regional strain is used for this purpose. However, the traditional culture method is time-consuming, requiring at least a week for the initial growth of the fungus and the subsequent micro-morphological identification. Further, the simpler ID test showed less sensitivity. Thus, this ELISA test may be used in conjunction with more traditional diagnostic methods for the diagnosis of cat sporotrichosis.
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[^1]: L1 = one lesion; L2 = two lesions; L3 = three or more lesions.
